Objective: Autoimmune thyroid disease (AITD) is characterized by different defects in immunoregulatory mechanisms. The immunoglobulin-like transcript receptor 2 (ILT2) or leukocyte Ig-like receptor 1 (LIRB1/CD85j) exerts an important immunoregulatory role. We hypothesized that the lymphocytes from AITD patients have a diminished expression and function of ILT2. The aim of this study was to investigate the expression and function of ILT2 in lymphocytes from patients with AITD. Design and methods: In this study, 18 patients with Hashimoto's thyroiditis (HT), 20 with Graves' disease, and 26 healthy controls were studied. ILT2 expression was analyzed by flow cytometry and immunohistochemistry in peripheral blood mononuclear cells (PBMC) and thyroid tissue. The regulatory function of ILT2 was assessed by an assay of inhibition of lymphocyte proliferation and by an analysis of cell cycle progression. The effect of ILT2 on cytokine synthesis was also evaluated. Results: We found a significant increased expression of ILT2 by lymphocytes in AITD patients. ILT2 was also detected in the leukocyte infiltrate of thyroid tissue from HT patients. On the contrary, a significant diminished inhibitory activity of ILT2 on cell proliferation was observed in AITD patients. In addition, PBMC from AITD patients showed a diminished synthesis of interleukin 10 on ILT2 engagement.
Introduction
The activation of lymphocytes requires a complex balance between positive and negative signals that are generated as a result of recognition phenomena between ligands and receptors during the interaction of these lymphocytes with antigen presenting cells (1) . The integration of these signals ensures that T lymphocyte activation occurs only in time and right place. When activation signals prevail, an efficient immune response is generated, whereas when inhibitory signals predominate, anergy or immune tolerance is observed (1) .
Co-receptor stimulation and negative regulation of T lymphocytes have widely been characterized in the case of CD28 and CTLA4 (CD152), respectively, which interact with CD80 and CD86 (2) . Signaling through the TCR and CD28 promotes proliferation and differentiation of T cells, whereas the interaction of CTLA4 with their ligands generates inhibitory signals. Inhibition of T cell activation is a key phenomenon in peripheral tolerance, which is of great importance in the pathogenesis of autoimmune diseases (3). Other molecules are also able to suppress the activation of T cells including the leukocyte Ig-like receptors (LIRs) or immunoglobulin-like transcript receptors (ILTs) (4) . At least, ten genes encode this family of receptors, which recognize class I major histocompatibility complex molecules. Inhibitory ILT receptors bear a long cytoplasmic tail that contains tyrosine inhibitory motifs (ITIMs), which recruit the Src homology-containing protein-tyrosine phosphatases SHP1 and SHP2 (4) .
ILT2 (LIRB1, CD85j) is expressed on various proportions of NK cells (23-77%), CD8CT lymphocytes (10-36%), and CD4CT cells (5-19%) as well as by all B lymphocytes, monocytes, and bone marrow-derived dendritic cells (5) . It has been described that HLA-G as well as some HLA-A, HLA-B, and HLA-C alleles and the UL18 gene product of cytomegalovirus specifically interact with ILT2 (6) . This receptor inhibits the cytotoxic function of NK cells and increases the activation threshold of CD8C cytotoxic T lymphocytes (7) . In CD4CT cells, the cross-linking of ILT2 inhibits the proliferation and production of interleukin 2 (IL2) and interferon g, although inducing the synthesis of IL10 and transforming growth factor b (8). Furthermore, this receptor inhibits calcium mobilization in B lymphocytes, the respiratory burst in monocytes, and the immunogenic function of dendritic cells (9, 10) .
Autoimmune diseases result from the failure of the immune system to develop tolerance toward selfantigens. The autoimmune thyroid diseases (AITD) include a number of conditions, which have the generation of cellular or humoral immune responses against the thyroid gland in common (11) . AITD are relatively common, affecting more than 5% of the general population, and as most autoimmune diseases occur primarily in women by a ratio of 9:1 (12) . AITD can be divided into two major subtypes, Hashimoto's thyroiditis (HT) and Graves' disease (GD) (12) . Although the etiology of these conditions has not been elucidated, different factors seem to contribute to their pathogenesis including polymorphisms of CTLA4 and CD40 genes, the presence of HLA-B8, HLA-DR3, HLA-DR4, and HLA-DR5 alleles, environmental factors, stress, and cytokines (13) (14) (15) . In addition, we have previously described that AITD patients show a diminished function and levels of T regulatory (Treg) cells and also an enhanced synthesis of Th17 cytokines (16, 17) . Furthermore, AITD patients exhibit increased levels of angiogenic molecules, which likely contribute to the inflammatory phenomenon (18, 19) .
HT is characterized by massive infiltration of the thyroid gland by immune cells, leading to its destruction. Most patients have autoantibodies to thyroglobulin (Tg) and thyroperoxidase (TPO) (20) . On the other hand, GD usually shows a small inflammatory cell infiltrate and its main immunological feature is the presence of autoantibodies directed against the TSH receptor, which stimulate the growth and function of thyroid follicular cells, thus leading to the development of hyperthyroidism (21) .
The role of ILT2 in the pathogenesis of different conditions has been described including mycobacterial and HIV infection (22, 23) . In addition, we have previously explored the expression and function of this immunomodulatory receptor in lymphocytes from patients with systemic lupus erythematosus (24) . Given the regulatory role of ILT2 in the activation and proliferation of lymphocytes and the immune dysregulation observed in AITD, we decided to explore the possible role of this receptor in patients with HT and GD. Our results indicate that patients with AITD show an abnormal expression and function of ILT2 and suggest that this regulatory receptor may contribute to the immunopathogenesis of thyroid autoimmunity.
Materials and methods

Patients and samples
A total of 38 AITD patients that fulfilled the diagnostic criteria for AITD were studied (18 with HT and 20 with GD). Peripheral blood samples were obtained from all patients, and a complete thyroid work-up was performed on them including history and physical examination. In this study, 26 healthy subjects with similar gender and age to patients were studied as controls. Thyroid gland specimens were obtained from four patients with HT and one patient with GD who had relapsed after antithyroid drug treatment and were euthyroid under carbimazole therapy at the time of surgery. Thyroid tissue was maintained in medium until processing. In all cases, a written informed consent was obtained, and the local hospital bioethics committee approved this study. All studies were carried out in accordance with the principles set out in the declaration of Helsinki.
Cells
Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-Hypaque (Sigma Chemical Co.) gradient centrifugation. Cells were resuspended in RPMI 1640 culture medium (Hyclone, Logan, UT, USA) supplemented with 10% fetal bovine serum (Hyclone), 2.0 mM glutamine, 50 units/ml penicillin, and 50 mg/ml streptomycin (Sigma). To isolate thyroid mononuclear cells (TMC), thyroid specimens were minced and digested with collagenase (1.0 mg/ml; Roche Molecular Biochemicals) in Hank's balanced salt solution (BioWhittaker, Lonza, Verviers, Belgium) for 1 h at 37 8C. Then, cells were passed through a steel mesh, and mononuclear cells were isolated by FicollHypaque centrifugation. Finally, TMC were washed twice with PBS and resuspended in complete RPMI 1640 culture medium. Cell viability was always higher than 95%.
Antibodies
The following MAB were used for flow cytometry analyses: anti-CD4, anti-CD8, anti-CD14, anti-CD19, and anti-CD56 (all labeled with FITC and obtained from BD Biosciences (San Jose, CA, USA)). A biotinylated anti-ILT2 MAB (HP-F1, R&D Systems, Minneapolis, MN, USA) and streptavidin labeled with phycoerythrin (PE, BD Biosciences) were also employed. For histological analyses, anti-CD4, anti-CD8, anti-CD20, anti-CD57, and anti-CD68 MAB (Master Diagnóstica, Granada, Spain) were used.
Flow cytometry analysis
Cells were immunostained with a biotinylated anti-ILT2 MAB followed by avidin conjugated with PE. Then, cells were incubated with anti-CD4, anti-CD8, anti-CD14, anti-CD19, or anti-CD56 MAB labeled with FITC. Cells were washed with PBS and fixed in 1% paraformaldehyde and analyzed in a FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA, USA), using the Cellquest Software (Becton Dickinson).
Cell proliferation assays PBMC (5.0!10 5 ) were loaded with 5.0 mM carboxyfluorescein diacetate succinimidyl ester (Molecular Probes, Eugene, OR, USA). Then, cells were cultured for 72 h in flat bottom 96-well plates previously coated with an anti-CD3 (10 mg/ml, Biolegend, San Diego, CA, USA) and an anti-CD28 MAB (10 mg/ml, Immunotech, Marseille, France), in the presence or absence of HP-F1 anti-ILT2 MAB plus a rabbit anti-mouse IgG (Sigma), as a cross-linker reagent. Finally, cells were analyzed by flow cytometry and results were expressed as the percent of divided cells. In some cases, anti-CD4-PE or anti-CD8-PE (BD Biosciences) antibodies were used to analyze the cell proliferation in these lymphocyte subsets. These results were expressed as the percent of divided cells.
Cell cycle analysis
Cell cycle analysis was performed by a DNA content assay propidium iodide staining and flow cytometry. Briefly, cells (5.0!10 5 ) were poured in 96-well flat bottom plates, stimulated with 10 mg/ml anti-CD3 and anti-CD28, and cultured in the presence or absence of anti-ILT2, HP-F1 MAB plus a rabbit anti-mouse IgG. After 72 h of culture, cells were harvested and stained for 30 min with 30 mg/ml propidium iodide (Sigma) and 0.5 mg/ml RNAse (Sigma) at 4 8C and analyzed in a FACSCalibur flow cytometer.
Immunohistochemistry
Tissue specimens were fixed and embedded in paraffin. Serial tissue sections 3-4 mm thick were mounted on glass slides (DakoCytomation, Copenhagen, Denmark) and heated and treated with the real target retrieval solution containing citrate buffer pH 6.0 (Dako, Glostrup, Denmark) to expose hidden antigens. Slides were also pre-treated with Real Peroxidase-Blocking Solution (Dako) to block the endogenous peroxidase. The Dako REAL EnVision Detection System, Rabbit/ Mouse (Dako) was used to detect the indicated primary MAB. Finally, sections were counterstained with Carazzi's hematoxylin. In vitro cytokine production assays PBMC (1.0!10 6 ) were cultured, as above, for 48 h in flat bottom 96-well plate previously coated with anti-CD3/CD28 MAB, in the presence or absence of anti-ILT2 MAB. Then, cell culture supernatants were collected and the concentrations of IL2 and IL10 were determined by ELISA kit assays (Diaclone, Besancon, France) according to the manufacturer's recommendations.
Statistical analysis
Results were expressed as the arithmetic meanGS.D. Statistical analysis was performed the GraphPad InStat 3 program (GraphPad Software, San Diego, CA, USA). Parametric analysis was performed Student's t-test and one-way ANOVA. The Mann-Whitney U test and Kruskal-Wallis analyses were used when data were not normally distributed. The analysis of correlations between variables was based on Spearman's or Pearson's tests. Values of P!0.05 were considered statistically significant.
Results
Expression of ILT2 by PBMC from AITD patients
We first analyzed the expression of ILT2 in different cell populations from the peripheral blood of AITD patients and healthy subjects. Flow cytometry analysis showed a significantly higher expression of ILT2 in the CD4C and CD8CT lymphocyte subsets as well as in CD56C NK cells from HT and GD patients compared with controls (P!0.05 in all cases, Fig. 1A-C) . On the contrary, the levels of expression of ILT2 in B cells (CD19C) and monocytes (CD14C) were not different in the three groups studied (PO0.05 in all cases, data not shown). Interestingly, in patients with HT there was a significant positive correlation between the titers of anti-Tg antibodies and the percent of ILT2C/CD4C cells (rZ0.63, P!0.01, Fig. 1E ). However, no significant correlations were detected between the level of expression of ILT2 and duration of disease, clinical features, or therapy (data not shown). In this regard, although a nonsignificant association was detected between the levels of CD4CILT2C lymphocytes and the titers of anti-TPO antibodies (rZ0.29, PZ0.061), we consider that it is feasible that by increasing the number of patients studied, a significant correlation might be reached.
Expression of ILT2 in thyroid glands from AITD patients
Immunohistochemistry analysis of HT thyroid glands showed a scattered but significant proportion of ILT2C cells ( Fig. 2A) . Flow cytometry analysis of TMC confirmed the presence of ILT2C cells, with enhanced levels of CD4CILT2C lymphocytes compared with peripheral blood (Fig. 2B) . However, the proportion of MNC and CD56C cells expressing ILT2 was higher in peripheral blood compared with thyroid tissue (Fig. 2B) . No significant differences were detected in the case of NK cells (CD56C), B lymphocytes (CD19C), or monocytes (CD14C).
Inhibitory function of ILT2 in AITD patients
To further explore the possible role of ILT2 in the pathogenesis of AITD, we tested the suppressive function of this receptor on the proliferation of PBMC from patients with HT, GD, or healthy controls stimulated through CD3 and CD28. As shown in Fig. 3A and B, in the absence of ILT2 engagement, a similar level of CD4C or CD8C lymphocyte proliferation was observed in patients with AITD and healthy subjects. As expected, on ILT2 engagement, a significant reduction in cell proliferation was observed in patients and controls ( Fig. 3A and B) . However, the degree of inhibition of cell proliferation was significantly higher in lymphocytes from healthy controls compared with HT and GD patients, in both, CD8C and CD4C cell subsets. When data were expressed as the percent of inhibition of cell proliferation, similar results were obtained (Fig. 3C) . Finally, no significant correlations were detected between the degree of the suppressive function of ILT2 and clinical parameters, therapy, or levels of thyroid hormones (data not shown).
The suppressive function of ILT2 in lymphocytes was also assessed by analyzing their progression in cell cycle induced through CD3/CD28 by a flow cytometry DNA content assay. We found that ILT2 engagement induced a significant increase in the levels of hypodiploid apoptotic cells in lymphocytes from healthy controls but not in those from HT or GD patients (Fig. 4A) . On the contrary, on ILT2 engagement, a diminution in the number of cells in the S and G2/M of cell cycle was detected in healthy subjects but not in AITD patients (Fig. 4B and C) .
Regulatory function of ILT2 on the synthesis of cytokines in AITD patients
IL2 plays an important role in the proliferation of T lymphocytes whereas IL10 mainly exerts an antiinflammatory function and a down-regulatory effect on the cellular immune response (25) . Therefore, we decided to evaluate the levels of these cytokines in culture supernatants of cells from patients with AITD. We found that ILT2 engagement resulted in a significant increase in the production of IL10 in healthy controls and AITD patients (P!0.05 in all cases, Fig. 5 ). However, cells from patients with HT and GD showed a significantly lower synthesis of IL10 than lymphocytes from healthy controls (P!0.05 in both cases). On the contrary, the synthesis of IL2 on ILT2 engagement was not significantly different in the three groups studied (data not shown).
Discussion
Different receptors have been described to negatively regulate immune responses by bearing inhibitory motifs (ITIMs) in their cytoplasmic tails, including the members of the Ig superfamily, implicated in both innate and adaptive immunity, and known as Ig-like transcripts or ILTs (25) . Alterations in the function of these regulatory mechanisms have been associated with the development of inflammatory disorders, autoimmune diseases, and lymphoid malignancies (26) . In this regard, previous studies have suggested that ILT receptors are important in the regulation of the immune response in different conditions including systemic lupus erythematosus and rheumatoid arthritis (4, 24, 27) . However, the possible role of ILT2 has not been previously explored in patients with thyroid autoimmunity.
In this study, we investigated the expression and function of ILT2 in patients with HT and GD. We found an unexpected and significant increase in the expression of ILT2 in the PBMC from patients with AITD. In this regard, we have previously described a decreased expression of this regulatory receptor in patients with systemic lupus erythematosus (SLE) (24) . Although we do not have a commendable explanation for these contrasting results, it is of interest that Kuroki et al. (27) , described two single nucleotide polymorphisms (SNPs) in the promoter region of ILT2 gene, which were associated with rheumatoid arthritis and a diminished synthesis of the protein. Therefore, we consider that it would be of interest to determine the possible presence of SNPs in the ILT2 gene that would cause an enhanced synthesis of the protein, and their possible association with AITD.
We have also detected the expression of ILT2 in the thyroid gland. Our data show significant differences in the proportion of ILT2C cell subsets when peripheral blood was compared with TMC, with an enhanced number of CD4CILT2C lymphocytes in the thyroid glands from AITD patients. These data suggest that there is a selective recruitment of this lymphocyte subset into the thyroid tissue. In this regard, we have previously demonstrated an enhanced proportion of certain lymphocyte subsets in thyroid glands from AITD patients, mainly CD4CGITRC and CD69CCD25 bright Foxp3C cells (17) , which might also include ILT2C lymphocytes. However, these lymphocytes seem to exert a defective regulatory function as discussed below.
We performed an extensive analysis in AITD patients on the possible association between clinical, laboratory, or therapeutic features and the levels of ILT2C cells, in peripheral blood or thyroid tissue. However, we only detected a significant positive association between the percentage of CD4CILT2C lymphocytes and anti-Tg antibodies as well as an apparent correlation with anti-TPO antibodies. This phenomenon could be related to the defective function of ILT2 in these patients as discussed below.
Despite the increased levels of ILT2C cells in their peripheral blood, AITD patients show a defective regulatory function of this receptor on the lymphocyte proliferation induced through CD3/CD28. As we have previously detected a similar defective function in patients with systemic lupus erythematosus (24) , it is very likely that, as in the case of Treg cells (28) , this could be a common feature in autoimmune diseases. Therefore, it is possible to speculate that the diminished regulatory function of ILT2 may significantly contribute to the loss of tolerance to self-thyroid antigens, and to the poor control of the inflammatory and destructive phenomenon observed in HT. Thus, AITD patients show a defective function in different immunoregulatory phenomena including those mediated by ILT2 and Treg lymphocytes (17) .
As it has been described that the regulatory function of ILT2 may be mediated by the induction of programmed cell death (8), we determined the possible induction of apoptosis on ILT2 engagement. Interestingly, our data indicate that the lymphocytes from AITD patients show a diminished percent of hypodiploid cells when ILT2 is engaged and cross-linked. These data suggest that the defective function of ILT2 in AITD seems to be a consequence, at least in part, of its diminished capability to induce apoptosis. In this regard, it has widely been described the important effect of the dysfunction or absence of death receptors on the pathogenesis of autoimmune diseases (29, 30) . On the other hand, the enhanced proportion of lymphocytes from AITD patients in the S and G2/M phases of cell cycle on stimulation and ILT2 engagement is in agreement with the results of cell proliferation assays and further support the defective regulatory function of ILT2 in these patients. Our assays of cytokine synthesis suggest that the regulatory function of ILT2 is also mediated by a strong induction of synthesis of the anti-inflammatory cytokine IL10. These assays also show that this function is defective in patients with HT and GD. Based on these results, it is possible to speculate that the diminished synthesis of IL10 would favor the generation of the strong cell-mediated autoimmune response observed in HT. However, in the case of GD, the possible consequences of a diminished production of IL10 remain as an interesting point to be defined.
In summary, this study provides evidence that patients with AITD show an abnormal expression and function of ILT2, a phenomena that could significantly participate in the pathogenesis of thyroid autoimmunity.
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